
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD491854

UNCLASSIFIED

RESTRICTED

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only;
Administrative/Operational Use; 04 JUL 1942.
Other requests shall be referred to Ballistic
Research Laboratories, Aberdeen Proving Ground,
MD. Pre-dates formal DoD distribution
statements. Treat as DoD only.

E.O. 10501 dtd 5 Nov 1953 BRL ltr dtd 22 Apr
1981



I

UNCLASSIFIED

A__

VEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: Vften goverment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation. the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formlated, furnished, or in any way
supplied the said drwings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

Li•'.



II At 11 111 ,

REPORTiNO. 28
J U LY 1942

I !IBIIIU', ,

ABRENPOING GRUD MRLN



B'

I I2

THE RELATIOBEWE HISI iLCINDA MDTE PN

HE U II T _______________________________________

On certain sir"plifying assum~ptions, a relation between the skin
* friction drag and the spin reducing torque or axial couple is deduced.

On the basis of measured values of5 the axial couple coefficient the
skin friction drag coefficient is deduced and compared with the

*measured total drag.--a.:ý CA, v,, Z V 4 -A-V.& 40.v

It occurre'dto ýo-h measured values
of the ayial cou ~coeff ezhz- ýor ýivi7

'Asq t he sk in. f r i Ct ion d r'a-g **o- ef-: ici-He n t.- The-
purpose of this report-- is to derive a method of
this estimate.

Consider a shell of caliber, d,moving nose on to
the air with a velocity, v, and a velocity of' rotat n,,
We make the assumption that the skin friction drjagg
ani element dS of the surface of the shell is

p f(z) U2 dS

A.~ C.Cares
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p •in mLgnitude, where u is the velocity of the element with
respect to the atmosphere, p is the density of the un-

pdsturbed air and f(z) is a function of z, the distance of
thV %lement from the base of the shell. The direction of the
skin friction drag on the element dS is taken to be opposite
to the direction of motion of the element dS.

If the radius of the shell at the section on which dS
lies is r, the relative velocity u is evidently the vector
sum of v and rw or

V2 + r 2 W 2 = u.,

The component of this force parallel to the axis of
the shell is obviously

v / kz) u pf(z) dSp • f u v dS

and the total skin friction drag on these assumptions iis

pf(z) uv dS = p u ff(z) aS i

if u is an appropriate average value of u.

The tangential component of the skin friction force is
evidently

p r) f(z) u2 dS = p f(z) r u) u dS.

The torque produced by this force acting on the element dS

is

p f(z)r co u dS

and the total torque is

J p f(z) ru2 as = pu f(z)r 2 dS (2)

if u' is another appropriate average value of u.

It is apparent that to evaluate (1) one needs to know

the value off f(z)dS.

If 7 represents a certain-average value of r2 and the

torque is known, f(z) dS is determined by the relation,

R-,



f f(as (tord)uc)

and the skin friction drag is rgiven by

J-- -u vff7( StorcKue) u()

W~e accordingly take the case of a cy-lindrical shell.,
Like a proof slug, ua~d neglect the s'kin friction drag on
the nose and the base. Under these conditions

U = UT 2 '

r =d/2, and the skin friction drag is

y (torqiue) (

Accrdig t balitic h-esearch Laboratory Report
N~o. 154, the torque desi,;nated by 1* has been represented
by

2s C A p CO V2, (5)

whnere C is, the axial couple coefficient. Practical units
A

are used as follows:

Quantity Units

lb t2/SeC2

p ratio of air density to normal

d in

CO rad/sec

fv ft/sec'

if self ~co~sistent units are used we have

M5  K d W v, 6

-3-



where KA the axial couple coefficient is diniensionles-,. Itmay be shown that C27x 0  C

From (4) and (6)

D F d 4v d:O KA - 4KA p d 2 V2  (7)

where DF is the skin friction drag.- If the skin friction
drag C~oefficient is desi~nated by KDF so that

D F = K DF p d2 v2,

then from (7)

KDF p d 2 v2 = 41% p d2 V2  Or, KDF = 4K A'

According to CaptL-ain St-erneS anL~lysis of Dr. Van Allen's
results the value of CS, for tne -31 shell M42 is 2.12 x 10-8

from~~~~~ ihc h au f~~ s fou-nc to be 5.85 x 10-3. The
corresponding value of KD?, is therefore 4 x 5.85 x 10-3 = .0234.*

The drag coefficient of' this shell is approximately .1153
at a velocity of- 2000 ft/sec. Hence the ratio' of the skin
friction drag to the total dra,, is, oln th-,ese assumptions

.153 -

If the skin friction drag is evaluated by (3) instead of
(4), in other words, if r~is substituted for d2/4, we have

and the ratio -D may be 'larger t!a th auegvn .153.

*The customary aerodynam~ic exý)resoion. fc: the skin friction drag is:

DF = CDF P S v Z

where S is the surface of the projec-,dle. For the 31' shell M.2., the
calculated S is 103.5 in uir-d S/d2 i_ 3.1.50. Hence,

CUP = .00203., KA 0,52S/a2

If S'represents the surface of the projjccý,jjýiJ c. exclusive of the base,
S'is 96.5 in 2 and S~d2 is 10.72 for the 31'K, M4. Then,

7CjD' .002181 KA =.000,545 S7d2 .



von Xtar;I:anI and Moore givc l!,,Z[ ac an esLcimated value oftiLLa ratio. ;

it follovws frorm the a2rgýuient of page 2 eqiiation (2)
that in place of (5) the axial couple could be expressed
miore accurately in the for:.i

"I =K. pdK, u

and for the cylindrical shell this *%-ould become

S,,. pIs= Kd co\+ d 4.

A.C. Charters

i. H. kent

It

.von Karman and Moore, Trans. A.S.M.E., June 1932.
* This form was proposed independently by J. A. Van Allen in a letter
dated June 25th, received while this report was being written.
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